Abstract. Hand tools can be seen as the extent of human hands. The evolution of hand tools was positively correlated with human development. The hand tools design affects the convenience and safety of human use. The wrenches are the most frequently used hand tools in Taiwan. However, it is lack literatures focus on the twisting force for operating hand tools. To provide reference for the hand tools design, this study surveyed the two twisting forces in five operational angles in crown plane when use wrenches. Eighty volunteer adults (half male and half female) were recruited as subjects.
Introduction
Hand tools can be seen as the extent of human hands. The evolution of hand tools was positively correlated with human development. The hand tools design affects the convenience and safety of human use. The wrenches are the most frequently used hand tools in Taiwan. However, it is lack literatures focus on the twisting force for operating hand tools. To provide reference for the hand tools design, this study surveyed the two twisting forces in five operational angles in crown plane when use wrenches.
Many studies have been conducted in this field, for example: Kattel et al. (1996) investigated the maximum force exerted by the male subjects in nine wrist postures, three elbow postures, and two shoulder postures. The results of the study showed that the shoulder and elbow angles have a significant effect on grip strength. The peak grip strength appears in the combination of shoulder abduction of 0 degrees, elbow flexion 135 degrees, and the wrist in the natural posture. When the elbow and the wrist deviated from the middle position, its peak grip force decreased by 42%.
Mital (1986) measured the torsional peaks at 21 body postures of 36 males and 14 females using 9 types of hand tools. The results of the study showed that the torsional peaks of the male or female were affected by the posture of the body and the type of hand tools. Among them, the type of hand tools has a greater influence. The correlation coefficient between hand tools and maximum torque is 0.71. The maximum torque value is a function of the hand tool type and body posture. Lowndeset et al. (2015) surveyed the maximum grip and subjective comfort in 12 different orientations (3 grip distances and 4 postures) when operating the mower. The results of the study showed significant differences between the four postures and the three grip distances. The study suggests that a handle with a 45-70 degree angle should be provided on the handle design. Reducing force requirement or grip distance is suggested for improving comfort. Kong & Lowe (2005) studied the effect of grip diameter (25-50mm) and grip direction (horizontal and vertical) on comfort, torque and total finger strength. The results showed that the maximum torque in the horizontal direction is approximately 23.4% higher than that in the vertical direction. The maximum torque handle diameter is 45 and 50mm, while the minimum torque handle diameter is 25mm. The larger the handle diameter, the greater the torque, but the smaller the finger grip. A 35-45 mm diameter handle is recommended as the best torque handle. The most comfortable handle diameter is 41-48 mm for men and 34-44 mm for women, which is 23.3% of hand length.
Methods
Subjects: This study recruited eighty right-handed volunteers (40 males and 40 females) as subjects, aged 20 to 36 years with an average age of 23.6 years (SD = 2.8 years), no upper limb injury.
Basic anthropometry: The basic anthropometric data were measured. Among them were gender, age, stature, weight, hand length, upper arm length, forearm length, and elbow height (seated).
Independent variables: The independent variable was operational angle which included nine angles. Among them are +45, +30, +22.5, +15, 0, -15, -22.5, -30, and -45 degrees. The palm faces to the ground was defined as 0 degree. The arm rotated onto supine position were defined as positive operational angles, and rotated onto prone positions were defined as negative operational angles. The nine operational angles were shown in Figure 1 .
Dependent variables: The dependent variable was two twisting forces, the clockwise twisting force and counter-clockwise twisting force. A wrench with a twisting force sensor was used as the experimental apparatus.
The subjects were sat in a measurement seat and their feet were putting above the ground. The forearm and upper arm was in a perpendicular position (Fig. 3) . 
Results and Discussions
The statistics of the basic anthropometric data of the subjects were shown in Table 1 . Table 1 illustrated that the mean age of the subjects was 23.9 years (SD= 2.8 y). The mean stature of the male subjects was 173.7 and of female subjects was 160. This were similar to the result of the measurements (Wang et al., 2002 ). The statistics of the two directions twisting forces, clockwise and counter-clockwise at the nine operational angles was shown in Table 2 . In total the twisting forces of clockwise was greater than that of counter-clockwise. The twisting forces in supine positions (positive angles) were greater than that in prone positions (negative angles). The twisting forces at angle of 15-degree was the greatest and decreased gradually when the angles increased. The twisting force at 0-degree was intermediate between that at +15degree and -15degree. The statistics of the twisting forces of the clockwise and counter-clockwise at the nine operational angles of male subjects was shown in Table 3 . A trend was found that the twisting forces of clockwise was greater than that of counter-clockwise. The twisting forces in supine positions (positive angles) were greater than that in prone positions (negative angles). The twisting forces at the angle of 15-degree was the greatest and decreased gradually when the angles increased. The twisting force at 0-degree was intermediate between that at +15degree and -15degree. The results of the two twisting forces at the nine operational angles was shown in Figure 4 . Similar results were found to that of the male subjects. Table 4 shown the statistics of the twisting forces of the clockwise and counter-clockwise at the nine operational angles of female subjects. Table  4 illustrated that the twisting forces of clockwise was greater than that of counter-clockwise. The twisting forces in supine positions (positive angles) were greater than that in prone positions (negative angles). The twisting forces at the angle of 15-degree was the greatest and decreased gradually when the angles increased. The twisting force at 0-degree was intermediate between that at +15degree and -15degree. The results of the two twisting forces at the nine operational angles for female subjects was shown in Figure 4 . Figure 5 . The illustration of the twisting forces at nine operational angles for female.
Conclusions and Suggestions
From the statistics of the results of the anthropometric data and the twisting force measurements, the conclusions could be made as below.
1) The twisting forces of clockwise was greater than that of counter-clockwise.
2) The twisting forces in supine positions were greater than that in prone positions.
3) The twisting forces at the angle of 15-degree was the greatest and decreased gradually when the angles increased. 4) The twisting forces at 0-degree was intermediate between that at +15degree and -15degree. 5) The twisting forces of male was greater than that of female. The results can be used as reference for wrench design and other hand tools design.
